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Diastolic dysfunction and left ventricular outflow trait (LVOT) obstruction are
major determinants of symptoms and disability in hypertrophic cardiomyopa-
thy (HCM) patients. Disopyramide (Dis), Ranolazine (Ran) and the novel com-
pound GS-967 are late Na-current blockers with progressively increasing
selectivity for late vs. peak Na current. Dis is employed in HCM patients as
an agent to relieve obstruction, but the cellular basis of its negative inotropic
effect remains unknown. We previously showed that Ran ameliorates the dia-
stolic properties of trabeculae from HCM patients, with no effects on baseline
systolic force (Coppini et al, Circulation 2013). Here, we aim to study the ef-
fects of late Na-current blockers on diastolic function and contractility of
HCM myocardium. Patch-clamp studies and intracellular-Ca2þ recordings
were performed in isolated myocytes from myectomy samples of obstructive
HCM patients; intact trabeculae were used for mechanical measurements.
Dis (5mM) reduced twitch tension in a dose dependent manner (EC50:
5.2951.55mM) and accelerated contraction kinetics in HCM trabeculae. Ran
(10mM), despite no significant effect on the amplitude of baseline contraction,
significantly reduced isometric twitch tension when applied on top of isoproter-
enol 10-6M (IsoþRan). Contraction kinetics in IsoþRan were still significantly
faster than baseline. The late Na-current blocker GS-967 (1mM) did not reduce
baseline twitch force but accelerated contraction kinetics, highlighting qualita-
tively similar effects compared to Ran, albeit at 1/10 concentration. Intracel-
lular Ca2þ measurements and patch clamp studies performed in HCM
cardiomyocytes suggest that most of these mechanical effects are mediated
by inhibition of the up-regulated INaL via normalization of NCX function
and intracellular [Ca2þ]. From the clinical perspective: (i)all the three drugs
may reduce diastolic dysfunction by speeding up contraction kinetics; (ii)Ran
and GS-967 may reduce septal contractility only at peak exercise, representing
a safer option to treat obstruction compared to Dis.
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In cardiacmuscle fromHCMpatients primary changes inmyofilament function,
related to the presence of disease-causing mutations in sarcomeric proteins, are
always associated with secondary abnormalities due to adverse remodeling of
cardiomyocyte EC-coupling(Coppini et al,Circulation 2013). The latter are
likely major contributors of the mechanical dysfunction and arrhythmogeneity
of HCM human hearts. Here we characterize the changes in sarcomere function
and EC-coupling that occur in two HCM mouse models carrying different mu-
tations in cTnT (R92Q andE163R). Echocardiography showedLVhypertrophy,
enhanced contractility, diastolic dysfunction and enlarged left atria in bothHCM
models; the phenotype was more pronounced in the R92Q mice. In E163R ven-
tricular myofibrils, in spite of a significant increase in the rate of the initial iso-
metric slow phase of relaxation, overall relaxation frommaximal activation was
impaired and prolongedvsWTandR92Qmyofibrils that exhibited similar relax-
ation kinetics. Resting tension was higher in the E163Q compared to WT and
R92Qmyofibrils. Isometric ATPase both at rest and at maximal Ca2þ-activation
and the energy cost of tension generation were increased in E163R vs WT and
R92Q skinned trabeculae. Myofilament Ca2þ-sensitivity was increased in both
mutant lines compared to WT; the change was larger in the R92Q preparations.
R92Q intact cardiomyocytes and trabeculae compared to WT and E163R prep-
arations showed blunted response to inotropic interventions, reduced amplitude
and slower decay of Ca2þ-transients with reduced SERCA function. Twitch ki-
netics were prolonged in both HCM mouse models, despite Ca2þ-transient ki-
netics was faster and SERCA function unchanged in the E163R mice. Intact
preparations of both HCM mouse models showed increased probability of ar-
rhythmogenic behavior that increased in response to isoproterenol. The results
suggest that similar HCM phenotypes can be generated through different patho-
genic pathways. Grant Telethon-GGP13162.1469-Pos Board B420
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The effect of the TnI R21C mutation in the human cardiac troponin I, the mu-
tation that is linked to hypertrophic cardiomyopathy, on muscles of the left
(LV) and right (RV) ventricles was examined in the knock-in mice. Experi-
ments were on a mesoscopic scale where the contribution of a single molecule
makes difference to the overall signal. We examined 3-4 actin molecules in
ex-vivo myofibrils prepared from LV and RV muscles. Experiments revealed
that the mutation imposed significant differences in the distribution of actin
angles: during contraction, actin from LV were much more tightly distributed
compared to actin from RV. They also revealed that the mutation imposed
significant difference on the kinetics cycle of cross-bridges (XBs) of the
LV and RV: XBs from RV displayed a 3-fold decrease in the rate of power
stroke and a 2-fold decrease in the rate of dissociation from thin filaments
as compared to LV. We speculate that mutation operates differently in both
ventricles because of the differences in external load between LV and RV.
Kinetic results suggest that an increase in isometric tension observed in
mutated RV results from an inability of XBs to dissociate promptly from
thin filaments.
1470-Pos Board B421
Spatial Distribution of Actin and Mechanical Cycle of Myosin are
Different in Right and Left Ventricles of Healthy Mouse Hearts
Janhavi Nagwekar, Divya Duggal, Ryan Rich, Sangram Raut, Rafal Fudala,
Ignacy Gryczynski, zygmunt gryczynski, Julian Borejdo.
Cell Biology, University of North Texas Health Science Center (UNTHSC),
Fort Worth, TX, USA.
The contraction of the right ventricle (RV) expels blood into the pulmonary cir-
culation, and the contraction of the left ventricle (LV) pumps blood into the sys-
temic circulation through the aorta. The respective afterloads imposed on the
LV and RV by aortic and pulmonary artery pressures create very different me-
chanical requirements for the two ventricles. Indeed, differences have been
observed in the contractile performance between left and right ventricular my-
ocytes in muscle growth, in dilated cardiomyopathy, in congestive heart failure,
and in energy usage and speed of contraction at light loads in healthy hearts. In
spite of these functional differences, it is commonly believed that the right and
left ventricular muscles are identical because there were no differences in stress
development, twitch duration, work performance and power among the RV and
LV in dogs. This report shows that on a mesoscopic scale (when only a few
molecules are studied (here 3-6 molecules of actin in ex-vivo ventricular myo-
fibrils), the two ventricles in rigor differ in the degree of orientational disorder
of actin within thin filaments, and during contraction they differ in the kinetics
of the cross-bridge cycle.
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Compared to non-failing RV, we reported that in failing RV the inotropic
response to stimulation of a1-adrenergic receptors (a1-ARs) was increased.
Recently we found that a single a1-AR subtype (a1A) was responsible. How-
ever, the significance of increased a1A responses remains unclear.
Goal: Determine if increased a1A-mediated inotropy is beneficial in RV failure
and if the a1A-subtype is a potential therapeutic target.
Methods: We used a RV-specific failure model in mice. Tracheal instillation of
the fibrogenic antibiotic bleomycin induced pulmonary fibrosis, pulmonary hy-
pertension, and RV failure within 2-3 wk. We assessed survival and investi-
gated the cellular mechanisms contributing to increased a1A inotropy in
failing RV. Furthermore, in the context of bleomycin induced RV failure, we
determined if there was a beneficial effect of chronic (2 wk.) treatment of
mice with the a1A agonist A61603 using osmotic mini-pump infusion.
Results: For non-failing RV, acute a1A stimulation with A61603 induced a
negative inotropic effect. In contrast, for failing RV, acute a1A stimulation
294a Monday, February 9, 2015induced a positive inotropic effect. A subset of animals did not manifest this
switch in the inotropic response, and had significantly worse survival, suggest-
ing that upregulation of the a1A inotropic response was beneficial in failing
RV. Upregulation of a1A inotropy in failing RV was associated with
increased Ca2þ transients, and increased phosphorylation of the myosin regu-
latory light chain (increased myofilament Ca2þ sensitivity). Moreover, con-
sistent with a beneficial effect of increased a1A activation in failing RV,
chronic treatment of mice with A61603 for 2 wk. resulted in less myocardial
fibrosis, lower serum troponin level, and better in-vivo function assessed with
echocardiography.
Conclusion: Increased a1A subtype activation is beneficial in the failing RV.
The a1A-subtype is a potential therapeutic target in failing RV.
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In pulmonary artery hypertension the right ventricle (RV) is more resistant to
filling and is compromised in its ability to cope with increased demand. During
the cardiac cycle, cardiomyocytes generate force isometrically, shorten during
end-systole and are lengthened during diastolic filling, however intact cardio-
myocyte function in vitro has classically been inferred from contractions
with little or no external loading. We tested whether contractile function of
isolated RV cardiomyocytes in high (isometric) and physiological (isometric
and isotonic) loading conditions reflected in vivo dysfunction in rats with
monocrotaline-induced (60 mg/kg) RV failure (FAIL). Workloop-style con-
tractions were performed in electrically-paced (1Hz) intact isolated RV CON
and FAIL cardiomyocytes at 37C glued to glass fibres attached to a fast piezo
length translator and high sensitivity optical force transducer (OptiForce,
IonOptix).
In vivo catheterisation revealed a tendency towards greater RV stroke work
(CON 135537mJ, FAIL 218557mJ), steeper end-systolic pressure-volume
relationship (PVR) (P<0.05) and a significantly steeper end-diastolic PVR
(P<0.05) in FAIL compared to control rats (CON). In isolated cardiomyocytes,
workloop area tended to be greater in FAIL cells (FAIL 5.450.8mJ,
CON 3.450.8mJ, P¼0.13). The end-systolic length-tension relationship
(FAIL 0.1550.03 mN/mm, CON 0.0850.01 mN/mm, P<0.05) and end-
diastolic length-tension relationship (FAIL 0.0650.01 mN/mm (N¼13), CON
0.0350.01 mN/mm (N¼8), P<0.05) measured by step length changes during
isometric contractions were significantly steeper in FAIL. The isometric
force-frequency relationship was positive in CON and negative in FAIL cells
from 1-7Hz; the trend was the same but less pronounced in unloaded cells.
We conclude that changes seen in vivo in RV FAIL hearts are at least partially
caused by cellular contractile dysfunction.
Grants from Boehringer Ingelheim Fonds and The Physiological Society to
E.D.F. supported travel costs of this project.
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In studies of muscle mechanics, the calculation of developed stress is critically
dependent on the dynamic change in the geometry of the muscle. However, pre-
vious studies have commonly inferred cross-sectional area from measurements
of quiescent muscle width. We have constructed a novel instrument to address
the issue of ill-defined estimates of stress: arising from inaccurate quantifica-
tion of geometry. This instrument is capable of measuring the time-varying
3-dimensional geometry of an actively twitching trabecula using optical coher-
ence tomography, while simultaneously measuring force, controlling length,
and imaging the muscle using transmission microscopy.
We take advantage of these capabilities to show that a representative trabec-
ula, tethered between two hooks and undergoing steady-state, fixed-end
twitches at optimal length, had a highly variable spatial distribution of
stress, during each twitch. The variability of stress was a minimum during
the onset of force development (5 4.2% of the median). At this time, stressalong the muscle’s length ranged from 81.7% to 114.6% of the median. Dur-
ing the course of a twitch, the variability increased to a maximum (5 9.2%
of median stress) which occurred near the end of the descending arm of the
force trace. The stress at this time ranged from 84.2% to 136.7% of the
median.
In addition, at peak force, the calculated volume of the trabecula had increased
by 4.6% over resting. The change in apparent volume could be attributed to:
movement of the muscle with respect to the hooks, a systematic error in seg-
mentation, or an actual change of volume. This instrument, coupled with our
high-speed sarcomere-length imaging system, will be useful in constructing a
finite-element model of the tissue to better understand the relationship between
stress variation and sarcomere length distribution.
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Muscle cells have the ability to change length and generate force due to the
correlated action of many sarcomeres in the contracting cardiomyocyte. This
study investigates the movement correlations between sarcomeres during
contraction. Second harmonic generation (SHG) microscopy is employed
for imaging cardiomyocytes. SHG microscopy can image individual sarco-
meres in live contracting myocytes without the labeling, which is desirable
for studying the fundamentals of contractility. The inherent SHG signal from
the A-bands of sarcomeres allows for high precision measurement of sarco-
mere length (SL) and SHG intensity (SI) fluctuations. Sarcomere fluctua-
tions in contracting and quiescent myocytes are successfully described by
the newly proposed sarcomere synchronization model. Two sarcomere syn-
chronization parameters, which quantify the properties of the sarcomere
length and SHG intensity fluctuations, are derived: the relative fluctuation
variance due to correlated sarcomere activity, and the correlation coefficient
between fluctuations of the sarcomeres. The sarcomere synchronization
model for contracting and quiescent myocytes was experimentally verified
for the embryonic chicken cardiomyocytes. To investigate the sarcomere
synchronization parameters two analysis techniques are introduced: Pear-
son’s correlation coefficient (PCC) analysis of contractions between sarco-
meres in a myofibril, and sarcomere segment variance (SSV) analysis
describing the variance of fluctuations of a myofibril segment containing
different number of sequentially connected sarcomeres. The data analysis
shows that during contraction, the action of SLs and SIs between neigh-
boring sarcomeres partially correlate, whereas in quiescent myocytes the
SLs show an anti-correlation and the SIs have no correlations. The charac-
teristic correlation coefficients and variance amplitudes are obtained allow-
ing for the quantitative assessment of sarcomere synchronization during
muscle contraction. Live dynamic imaging of myocytes and characterization
of sarcomere synchronization parameters is applicable for contractility
research, drug discovery, and as a diagnostic tool for monitoring muscular
diseases.
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A method is presented to measure the power output of isolated intact cardiac
myocytes. The mycoytes were attached to a very sensitive and fast force trans-
ducer on one side (OptiForce form Ionoptix) and a direct drive piezo-
translator on the other side to stretch or shorten the myocyte. This allowed
feedback based force control. Force clamps were used to impose a minimum
‘pre-load’ level and maximum ‘after-load’ level between which the myocyte
was allowed to operate, mimicking the aortic and atrial pressure respectively.
As long as the myocyte reaches the after load level in systole, the loaded
shortening results in a force versus length curve that forms a work loop, anal-
ogous to the pressure volume curve in the whole heart. Within the measured
range (0-1.5 mNewton pre-load, corresponding to sarcomere lengths of
1.8650.07mm through 1.9650.08mm) the end-systolic and end-diastolic
force-length relations were linear. Measuring the area within each work
loop provided the external work performed by the mycoyte for each contrac-
tion. A power curve was created by varying the after load for a given pre-load
and multiplying the work per contraction with the pacing frequency. For rat
myocytes at 37C the peak power output increased linearly with pre-load
within the range measured, and at a pre-load of 1.5 mNewton varied between
25 and 90 pJ.s-1. The large variation was mostly due to differences in cell
size. Maximum power output was achieved at pacing frequencies between
6-8 Hz.
